Introduction 36
Kimberlites and lamproites represent ultramafic magmas that travel rapidly from 37 source regions in the deep mantle (>100 km) to the shallowest crustal levels at speeds 38 of up to 0.1 to 4.0 ms -1 (Kelley & Wartho, 2000) . In effect, they provide snapshots of 39 for Chelima and Zangamarajupalle were only tentative, as these samples display 208 extensive secondary carbonation, which may have adversely affected the -true‖ 209 crystallization ages of the lamproites. The K-Ar age reported by Chalapathi et al. 210 (1996) has also been considered unreliable (Kumar et al., 2005) due to the possibility 211 of excess Ar in mantle-derived phlogopite leading to the older K-Ar ages. 212
213
From Table 1 and the preceding discussion it is apparent that the recent age 214 determinations provide a compelling argument for contemporaneous kimberlite 215 emplacement in the EDC at around 1100 Ma. However, little reliable data exists for 216 the lamproites from Southern India, and in particular the KLF; the published ages 217 (Table 1) suggest that the kimberlites are not contemporaneous with the older 218 lamproites. 219
220
In this study we employed the Ar-Ar method to determine new age data to better 221 constrain the age of the KLF. Whilst the use of the K-Ar and Ar-Ar methods to date 222 the kimberlites and lamproites of southern India has been questioned (Kumar et al., 223 2007), studies elsewhere have successfully dated kimberlites and lamproites through 224 applying the Ar-Ar dating technique to phlogopite (Phillips 1991) , yielding ages 225 which were consistent with previous age determinations using different methods. 226 Lehmann et al. (2010) recently used the Ar-Ar age dating technique on phlogopite 227 separates as well as U-Pb on perovskites to date kimberlites in the MKF, with both 228 methods providing a similar age. We have also obtained new dates on some 229 kimberlites from the EDC which agree with well-constrained published ages 230 (Chalapathi Rao et al., 1999 , Kumar et al., 2007 . Comparison of our data withpreviously published ages allows us to assess the reliability of our age data for the 232
KLF. 233 234

Samples, methodology and analytical techniques 235
Samples analysed and assessment of alteration 236
Samples were collected from the interior of each exposure (locations listed in Table  237 2). The kimberlites are classified as ‗Group I' kimberlites on the basis of their 238 mineralogy, in agreement with previous studies (e.g. Chalapathi Rao et al., 2004) . 239
Kimberlites and lamproites are susceptible to alteration processes and crustal 240 contamination, and given the Proterozoic age of the rocks in this study, any 241 interpretation of geochemical data must first consider the potential effect of these 242 processes on the samples. ferro-magnesian minerals -olivine, phlogopite) of Clement (1982) was used in this 255 study, where a CI value of <1.5 is considered uncontaminated for kimberlites 256 (Mitchell, 1986) . The kimberlite samples used in this study are below this cut-off 257 value; however the lamproites show higher values, which are not unusual for such 258 mica-rich rocks (Chalapathi Rao et al., 2004) . CI values in the whole suite of samples 259 from the Krishna lamproites ranged from 3.79-9.23. 260
261
Care was taken to ensure that all the samples we collected from the EDC were as 262 fresh as possible. Those chosen for dating in this study are among the freshest and 263
showed minimal contamination and alteration as identified by CI, LOI, Gd/Lu and 264
Ilmenite Index determinations for our sample suite (Table 2) . 265 266
Ar-Ar dating technique 267
Age data for three samples are presented here, including two kimberlites 268 Small blocks of each of the selected samples were then sawn, avoiding any crustal 278 xenoliths, and crushed in a jaw crusher. The fragments were then sieved into fractions 279 from which the phlogopite could be carefully picked (predominantly 300μm-500μm 280 in length). The picked phlogopite grains were then washed in acetone using anultrasonic bath to remove any adhering material. The visibly fresh grains with fewest 282 inclusions were then selected using a binocular microscope. These grains were then 283 packaged in aluminium foil and sent for sample irradiation at McMaster University in 284
Ontario, Canada. Irradiation flux was monitored using the GA1550 biotite standard 285 with an age of 98.79 ± 0.54 Ma (Renne et al., 1998 Samples were loaded into an ultra-high-vacuum laser port and placed under a heat 295 lamp for 8 hours to reduce atmospheric blank levels. Samples were analysed by total 296 fusion of single grains using Nd-YAG 1064 nm infrared laser, or Nd-YAG 213 nm 297 UV laserprobe, both coupled to a MAP 215-50 mass spectrometer. Gases were 298 gettered for 5 minutes using two SAES getters one at 450°C and one at room 299 temperature, and a liquid nitrogen cold trap, before inlet to the mass spectrometer. 300
Peaks between 35 Ar and 41 Ar were scanned 10 times and amounts extrapolated back to 301 the inlet time. Each analysis was background corrected using blank measurements 302 bracketing every 1-2 samples. 303
304
The infrared-laser single-grain-fusion technique was applied to Muligiripalle Pipe 5 305 (Mul) and Tummatapalle pipe 13 (Tum) and Pochampalle (POCg) samples. Hereindividual mineral grains were fused to yield a single age, and the final age is a 307 weighted mean average, error and MSWD as calculated using Isoplot 3a (Ludwig, 308 2003) and reported at 2σ level. The UV intragrain laserprobe technique was applied to 309 POC and POCg samples, in which mineral grains were large enough to enable several 310 measurements within each grain in order to test for heterogeneity ( 
Ar-Ar dating 361
The Ar-Ar dating results are summarised in Table 3 Infrared laserprobe analysis yields individual mineral ages in the range 1408±5 to 373 1614±8 Ma (n=6). With such a scatter in age data it is important to assess the spatial 374 variation of ages within individual mineral grains which is achievable using the 375 ultraviolet intra-grain technique. Five different mineral grains from two samples have 376 been analysed using this technique (Figure 4) . From sample POC ages within the 377 internal parts of the mineral grains range from 1543±39 to 1611±32 Ma, and from the 378 grain margins range from 1480±35 to 1625±15 Ma (n=8). From sample POCg ages 379 within the internal parts of the mineral grains range from 1463±71 to 16846±100 Ma 380 (n=24) and from the grain margins range from 1507±38 Ma to 1698±30 Ma (n=11). 381 382
Geochemistry 383
Geochemical and isotopic data on the Krishna lamproites 384
Major, trace and REE data were obtained on lamproites from 9 different locations (the 385 full dataset is available in the online data repository). Two samples were analysed 386 from two of the lamproites, Vedadri (VEDN and VEDS) and Pochampalle (POC and 387 POCg); in each case, the two samples were collected from different locations within 388 the same lamproite body. 8 of the lamproite samples are from the KLF, while one 389 (Chelima) is located within the Cuddapah Basin (Table 2) . lamproite and show slightly different REE patterns (Fig 6) . The POC sample shows a 404 trend closer to those of the KLF, especially for the HREE, though with a higher La/Yb 405 ratio due to greater LREE enrichment. The POCg sample has an even higher La/Ybratio due to its extreme LREE enrichment (similar to that of Chelima), but has higher 407 HREE contents than Chelima. The HREE enrichment may be due to variations in the 408 source but can also be attributed to crustal contamination. However, even if the 409 samples have undergone some degree of crustal contamination, it is unlikely to have 410 affected the isotopic ratios of small-fraction melts, because the concentrations of Sm 411
and Nd in crustal rocks is likely to be much lower than in the kimberlitic melts (e.g. The εNd evolution trajectory of the kimberlites intersects the EM* x model evolution 435 line at around 1 Ga, which corresponds to the emplacement age of the EDC 436 kimberlites. However, the DM and EM* x model evolution lines intersect much earlier 437
(1.9-2.0 Ga). One model for petrogenesis of the EDC kimberlites consistent with these 438 Nd evolution data is that the kimberlite magmas were derived at around 1 Ga from an 439 initially depleted mantle source that had been enriched at around 1.9-2 Ga. 440
441
The mantle source from which the lamproites were derived is not tightly constrained 442 by the evolution curves in Figure 8 . Their enriched geochemistry indicates that they 443 did not originate directly from a depleted mantle source, but clearly they have a 444 different source to that of the kimberlites. It is also apparent that the Pochampalle and 445
Chelima lamproites followed a separate evolution from the other Krishna lamproites. 
Discussion 456
Despite the recent increase in scientific interest in the kimberlites and lamproites of 457 the Dharwar Craton in southern India, the ages of the kimberlites and in particular 458 lamproites are poorly constrained. An age of around 1.1 Ga for both the kimberlites in 459 the WKF and NKF appears to be well supported, although many pipes within these 460
fields are yet to be dated. The only lamproite previously dated from the KLF is the 461 Ramannapeta lamproite, even though there are many lamproites in the KLF; and it 462 would seem presumptuous to assume an age for the entire field based on one age from 463 one lamproite. However, this age has been used in several studies to represent an age 464 for the KLF mainly because of a lack of any other reliable age data (Reddy et diameter pits separated by distances of 20-100µm, which gave sufficient confidence 496 that the individual age measurements were not affected by adjacent laser pits. The age 497 range of ca. 1200 to ca. 1540 Ma from low-to high-temperature steps in the heating 498 spectra indicate a range of ca. 1200 Ma to ca. 2200 Ma (Phillips & Onstott, 1988) , the 499 oldest age represented by a single laser spot. The differences were difficult to 500 reconcile but it was considered that the old ages could be ‗masked' during physical 501 mineral decrepitation during step-heating and the mixing of different aged reservoirs 502 within the mineral separates. Notably, the volume of phlogopite preserving old 503 apparent ages is a small fraction of the grain and so it is conceivable that during the 504 preparation of the mineral separates by crushing and sieving this low-volume 505 component might not be well represented. The study raised more questions about the 506 behaviour of argon in such high pressure and high temperature minerals. Phillips 507 (1991) also compared step-heating and laserprobe Ar-Ar data, and analysed matrix 508 and macrocryst phlogopites. The former yielded plateau ages that were consistent 509 with eruption ages and the latter yielded complex release patterns concurring with 510 those reported by Phillips & Onstott (1988) . In contrast the laserprobe data (spatial 511 resolution of 100x200µm sized pits in the internal parts of the grain and up to 512 160x400µm at the rim, separated by 30-80µm) reveal older cores and younger rims, 513 with similar conclusions to Phillips & Onstott (1988) , in that a high concentration of 514 excess argon was trapped in the macrocrysts prior to eruption, the rims record the 515 eruption age, and the matrix phlogopites record the eruption age (Phillips, 1991 ). This 516 model dictates that radiogenic argon is retained in minerals in the upper mantle at 517 temperatures of 700°C or more (Pearson et al., 1997). Kelley & Wartho (2000) were 518 able to test this by analysing well-characterised xenoliths from two different settings, 519 with robust age constraints, using the high spatial resolution ultra-violet laserprobe 520 approach to assess core-rim age differences in detail. The results showed old cores 521 and young rims, and in both settings the older core ages corresponded to 522 magmatic/metasomatic events that were recorded by other isotope systems (Kelley & 523 Wartho, 2000) . The rims were also younger than the cores, with argon-loss profiles of 524 200 to 300µm in length decreasing to the known eruption age at the grain edge 525 (Kelley & Wartho, 2000) . This study identified that the phlogopites retained argon at 526 temperatures hundreds of degrees higher than the phlogopite closure temperature (ca. 527 450° C) and that argon loss at the grain margins represents the integrated time-528 temperature history as the xenolith travels from depth to emplacement at the surface 529 (Kelley & Wartho, 2000) . The key difference between this study and the conclusions 530 of Phillips et al (1991; 1999) is in the interpretation of the core-rim age differences: 
